ABSTRACT
INTRODUCTION
Managing quality in the education context should be handled differently from that of manufacturing or service industries [16] . The quality management models practiced by the business world have been adapted and applied to the education sector. In fact, quality in education should begin at the school level [14] . For example, the Total Quality Management (TQM) philosophy has been applied to schools and colleges in the UK, USA, and in Asian countries such as Malaysia [13] [2] . However, the education sector is not entirely comfortable with the TQM approach [2] .. Alternatively, educational sector can use the quality practices such as the European Foundation for Quality Management (EFQM) excellence model, ISO 9000, Malcolm Baldrige National Quality Award to improve performance. Even the most popular service quality methodology, SERVQUAL [20] , is also used to measure the quality in the education context. The models and concepts, such as EFQM, Singapore Quality Award (SQA), School Excellence Model (SEM) and Malcolm Baldrige National Quality Award (MBNQA), are widely applied to educational institutions. These models embrace the philosophy of TQM which has been modified for the education environment. Many educational institutions are realizing the benefits of these quality models, and extensive research has been done in this area to investigate the school performances in relation to the quality management philosophy.
It is worth noting that the ISO quality standard does not refer to the product or services delivered instead to the production and administrative processes that produce them. It should also be noted that ISO only produces the standards but does not verify compliance to it [1] . . It is also quite possible that an organization at a relatively low maturity level in the CMM scale gets qualified for an ISO. An ISO 9000 certificate for an education and training organization provides " assurance the it is well organized and that the outcomes of programmes and courses meet the intended goals and needs of the users, however, it does not necessarily guarantee that the content of these courses and programmers meet particular educational standards [23] .
LITERATURE SURVEY
Education in general and high education in particular represents too process oriented, intangible, and multiple -stakeholders' situation. Most of the performance measurement systems of higher educational institutions do not reflect the full range of interested stakeholders and are not easily linked to the strategic and quality management. Therefore, cullen et al. [7] propose the use of a balanced scorecard approach in order to reinforce the importance of managing rather than just monitoring performance. Garvetson [8] confirms the importance of the expectations of key stakeholders in the educational process. Avdjieva and Wilson [1] suggest, Higher Education Institutions (HEIs) are now required to become learning organizations, where internal stakeholders also interpret and assess the quality of higher education provision.
As a result, many higher education institutions are looking towards the adoption of ISO9000 standard [9] for quality improvement in higher education and total quality management (TQM) practices in order to achieve quality goals. International Organization for Standardization (ISO) published guidelines for the application of ISO9001-2000 in education sector [9] . The bestknown maturity model is the Software Capability Maturity Model (SW-CMM) [5] from Carnegie Mellon university, although there are many CMM-like models that exist in industry; System Engineering Capability Maturity Model (SE-CMM), Software Acquisition Capability Maturity Model (SA-CMM), System Engineering Capability Assessment Model, EIA/IS 731System Engineering Capability Model, System Security Engineering CMM, FAA Integrated CMM, IEEE/EIA 12207, ISO/IEC 15288, ISO/IEC 15504 and ESI Project Framework [9] . Although these maturity models are not without their inherent limitations, they focus on one particular area of knowledge and ignore the rest. For example SEI's CMM focus on improving processes in an organization but ignores the people and staff development.
OVERVIEW OF E
2 -CMM MODEL E 2 -CMM is a five-level model to evaluate the maturity of an engineering education process and to provide educational practices. It is a framework that describes the key elements of an effective education process, and it serves as a guide for improving education practices, including planning, administration, academics, engineering, management, and education maintenance. Such practices help an educational organization to set goals for scheduling, cost, functionality, and quality. Education process maturity implies that the organization's processes are well defined, managed, controlled and effective. E 2 -CMM maturity levels define a scale for measuring the maturity of an educational process. Achieving a maturity level, results in an increase in the capability of the educational process. Figure 1 . depicts the basic structure of E 2 -CMM. Implementing and managing the educational process. 3. Key Process Areas: Each maturity level includes a number of key process areas, and each process area defines a group of related activities called Key practices that together achieve a set of goals defined for that level. 4. Goals: Goals are key practices associated with a key process area, and also they signify the scope, boundaries, and intent of the key process area. The practices are used to determine if the educational organization has implemented the key process area.
Key Practices:
Key practices describe activities and infrastructure needed to effectively implement and institutionalize a key process area.
The E 2 -CMM is composed of five incremental maturity levels by which an educational organization establishes and improves its standard and quality. The structure of EQW maturity model has 5 levels of maturity. Except for level 0, each maturity level is decomposed into several key process areas, which indicates the areas an education system should focus on to improve its level. Key process area identifies the issues that must be addressed to achieve a maturity level. Each key process area identifies a cluster of related activities that, when performed collectively, achieve a set of goals considered important for enhancing education process capability. The E 2 -CMM maturity levels, it key process areas and key practices are illustrated as in Table 1 .
Level 0: Initial
Educational process is characterized as adhoc and occasionally even chaotic. Few processes are defined and success depends on individual effort and heroics. At this level, the educational organization has a less stable education process and management practices. The process is "ad hoc" and changes as work progresses. All aspects of the process are unpredictable. This level has no key process areas.
Level 1: Repeatable
Basic education management processes are established to tract activities like Requirements, planning, teaching and learning practices and standards. At this level, the focus is on education process planning, management, tracking, and the implementation of procedure and policies. The objective of this level is to establish an effective education management process that allows the organization to "repeat" successful practices and procedures used on earlier projects.
Level 2: Defined
This level focuses on the educational organization's defined standard process, including administration, academic and management processes. The education process for both management and technical activities is documented, standardized and integrated into a standard process. The activities are stable and repeatable and are implemented throughout the educational sector.
Level 3: Refined
The various processes like teaching and learning, curriculum, R&D etc are fine tuned to adhere to the stated standards and procedures. Finally the organization has set up an internal quality accreditation system called Internal Quality Assurance Cell (IQAC).
Level 4: Quantifiable Matured Process
Detailed measures of the education process and system quality are collected. Both the education process and products are quantitatively and quantitatively understood and controlled. This level focuses on productivity, quality, assessment, and continuous process improvement of the educational system. Measurements are established for both qualitative and quantitative assessment and evaluation of education processes and products. At this level, the organization is capable of predicting quality trends within quantitative bounds. Marked assignments with proper feedback and comments are returned promptly to students.
KPA-1-5:
Course Curriculum
• The prescribed degree curriculum is updated systematically.
• Courses offered are of the same quality as the courses offered at the linking university.
•
The degree program is delivered and assessed in English.
The course content is updated with the latest technology and business scope.
• Coursework problems to be solved by students are reallife work related problems.
• Faculties are given opportunity to provide input to the development of course curriculum.
KPA-1-6:
Administrative Support 
KPA-1-15:
Product realization.
• Planning of product(student) realization in the educational organization • Customer-related processes • Design and/or development • Production and service operation.
• Control of monitoring and measuring devices in the educational organization.
KPA-1-16:
Measurement, analysis and improvement 
KPA-2-2:
Educational organization process focus
• Focus on the teaching-learning process • Focus on faculty and staff work systems • Focus on faculty and staff learning and motivation.
• Focus on faculty and staff well being and satisfaction.
• Focus on student, stakeholders and market knowledge • Focus on student and stakeholder relationship and satisfaction.
KPA-2-3:
Student support and progression
KPA-2-4: Supplementary practices
• Extra and co-curricular activities.
KPA-2-5:
Healthy practices 
LEVEL 3: (REFINED)

KPA-3-1:
Teaching -Learning and Evaluation.
• Admission process. 
KPA-4-2:
Quantitative and qualitative focus on teaching and learning
•
Constantly updating teaching and learning process with current needs and technology.
Bridging the gap between curriculum content and teaching and learning process • Avoid proactive and reactive risk affecting the quality of education
KPA-4-3:
Measurement Analysis and knowledge mgt.
• Measurement, analysis and review of organizational performance • Information and knowledge management
KPA-4-4:
Maturity and stability of the institution 
KPA-4-6:Continuous Evaluation System
• Performance monitoring through class tests, quizzes, assignments, mini-projects, examinations etc • Provision of time slots in academic, curricula for counseling, advising and discussions
• Timely evaluation of students work in a fair and transparent manner • Development of study materials and hand outs.
EDUCATIONAL CAPABILITY ASSESSMENT
Education Capability Assessment can be carried out by preparing a checklist consisting of Key process areas and Key practices. As illustrated in Figure 2 , conducting an appraisal focuses on:
• Collecting and recording data with respect to educational practices and implementation in the form of notes.
• Consolidating data into a manageable set of observations, determining their validity as findings, and their coverage of the assessment scope.
• Using those findings to produce ratings of the appraised entity's educational process with respect to the E 2 -CMM.
The assessment conduct phase results in a set of appraisal outputs which include both findings and ratings. As illustrated in Fig-3 , consolidating data of educational process includes:
• Transforming notes from data collection sessions of education process into a set of observations and categorizing them relative to the E 2 -CMM.
• Determining that these observations are valid findings.
• Determining the extent to which the findings provide adequate coverage of the scope of the appraisal and adjusting data collection plans accordingly.
• Maintaining traceability among observations, findings, and ultimately ratings Generally significant data will take one of the following forms:
• Evidence of implementation of E 2 -CMM key practices. • Evidence of alternative practices which meet E 2 -CMM KPA.
• Evidence of education process strengths unrelated to the E 2 -CMM.
• Evidence of absence of E 2 -CMM key practices.
Rating Scale
The rating of E 2 -CMM consists of maturity level rating scale which is of a five integral levels (1 -5) as described in the E 2 -CMM framework. The appraisal method shall define a rating process using the following rating values: • A KPA is satisfied if this aspect of the E 2 -CMM is implemented and institutionalized either as defined in the E 2 -CMM, or with an adequate alternative. • A KPA is unsatisfied if there are significant weaknesses in the appraised entity's implementation or institutionalization of this aspect of the E 2 -CMM, as defined, and no adequate alternative is in place.
• A KPA or goal is not applicable if the KPA is not applicable in the organization's environment.
• A KPA or goal is not rated if the associated appraisal findings do not meet coverage criteria or if this aspect of the CMM falls outside the scope of the appraisal.
When Ratings Can Be Performed
Appraisal method shall define a rating process which specifies that:
• An appraisal team can rate a KPA when valid observations related to the Key practices are met.
• An appraisal team can rate a KPA when it has rated each of the associated Key practices.
• An appraisal team can determine a maturity level rating once it has rated all of the KPA's within that level and each level below. Rating Sequence: Ratings are determined in a hierarchical fashion as illustrated by the rating sequence in fig. The rating of any given CMM component is dependent on ratings of the more detailed CMM components, if any. In particular:
• Maturity level ratings depend exclusively on KPA ratings. For example, rating of maturity level 3 requires that all KPA's within levels 2 and 3 be satisfied or not applicable.
• KPA ratings depend on the ratings of the goals. An appraisal team cannot rate a KPA satisfied if any goals are unsatisfied. As illustrated in Figure: 4, ratings are determined in a hierarchical fashion. The appraisal method shall define a rating process which specifies that each KPA is rated in accordance with the following rules:
• Rate the KPA "satisfied" if all of the Key practices are rated "satisfied."
• Rate the KPA "unsatisfied" if any Key practices are rated as "unsatisfied."
• Rate the KPA "not applicable" if the Key practices is not applicable in the organization's environment.
• Rate the KPA "not rated" if any of the Key practices are rated "not rated" or if the KPA falls outside the scope of the appraisal.
b. Determine Maturity Level
The appraisal method shall define a rating process which specifies that maturity level, if determined, is determined in accordance with the following rules:
• A maturity level is satisfied if all KPA's within that level and each lower level are satisfied or not applicable.
RELATED WORK.
As there are different meaning and interpretations of quality, there are different models of quality assurance as well. Across the world, institutions follow different models of quality assurance; particularly country specific and institution specific models. These models are mostly process oriented and emphasize on the development of a quality assurance system. There are five popular models of quality assurance: Baldrige Criteria, ISO 9000-2000, CMM, Six Sigma and total quality management. In addition to these models, there are other accreditation models like ABET, NBA, NAAC, AB of ICAR and DEC.
FUTURE WORK AND CONCLUSION
This paper presents a new E 2 -CMM framework that can be used for assessing the maturity level of an educational organization. This model can be further tuned and optimized. Instead of applying ISO, this model can be used in assessing the standard and quality of educational system. Further, this model can be implemented using Formal or Ontology technique. Finally the metrics parameter and methodology of E 2 -CMM can be formulated using statistical approach, fuzzy logic or neural networks.
In this paper, we have proposed a Capability Maturity Model for Engineering Education, which helps in improving the practices of key educational processes and contribute to enhance the overall quality education. The five levels of maturity provides a finer grained measure of comparison that the binary accreditation designation (0 -not accredited, 1 -accredited), thus facilitating the process of articulation between institutions at the same level and giving an encouraging assessment of institutions, instead of an all-or-nothing accreditation decision, the programs starts at level 0. Managing quality in higher education institution is not similar to business and industry. Thus in this model, emphasize is based on 'management for quality' rather than 'management of quantity'. This E 2 -CMM model can be used for continuously evaluating the education process which serves as the mantra for effective accreditation of higher education system. Finally, it is concluded that quality assurance is not the destination, but a journey to continuously improve the higher education system
